Introduction
Incidences of mental disorders are highly prevalent in most countries throughout the world and persist throughout one's life (Murphy et al. 1986; Canino et al. 1987; Bland et al. 1988; Hagnell and Grasbeck 1990; Wittchen et al. 1992; Steinhausen et al. 1998) . Mental disorders are among the most burdensome of all classes of disease, due to their chronicity, early age of onset and resulting serious impairment. The WHO International Consortium in Psychiatric Epidemiology (2000) surveyed prevalence estimates of mental disorders and presented that more than one-third of the sample experienced at least one disorder at some time in their life in Brazil (36.3%), Canada (37.5%), Germany (38.4%), the Netherlands (40.9%) and the USA (48.6%). In Taiwan, the prevalence of common mental disorders (number of depression and anxiety symptoms) doubled from 11.5% in 1990 to 23.8% in 2010 (Fu et al. 2013) . Though part of the increase might be due to the possibility of change in diagnostic fashion, Fu et al. (2013) explain that the phenomenon of increases in the prevalence of common mental disorders is because from the early 1990s, labour-intensive industries in Taiwan moved towards technology-intensive industries, resulting in reduced job availability, and then Taiwan experienced the Asian economic crisis in 1998 and the worldwide recession in the 2000s.
Of all of these risk factors, particular focus has been placed over recent years on examining socio-economic status and its importance with regard to the impact on mental disorder incidences. One would expect that, in the lifetime prevalence, the peak of mental disorders typically occurs among young age groups (Robins and Regier 1991; Weissman et al. 1992) . For the most part, the socio-demographics correlated in previous investigations suggest that there are more anxiety and mood disorders among women, more substance abuse disorders among men, higher rates of most disorders among people with a lower socio-economic status (with regard to income, education and employment) and lower rates of most disorders among married people vs unmarried people (Canino et al. 1987; Bland et al. 1988; Hwu et al. 1989; Lépine et al. 1989; Wells et al. 1989; Lee et al. 1990; Wittchen et al. 1992) . This general pattern suggests that mental disorders are more likely to occur in the disadvantaged sectors of society.
Other studies have argued that older adults who have retired or who are nearing retirement at the time of the global financial crisis are a particularly vulnerable population to increased economic stress and uncertainty as a result of disruptions to their financial preparations, as well as to any dependence on fixed income resources such as pension funds that are susceptible to market fluctuations or low rates of interest that do not cover inflation costs. Therefore, perceived financial hardship has adverse effects on self-rated health status and psychological health for older adults (Angel et al. 2003; Sargent-Cox et al. 2011) .
The recent global financial crisis that began late in 2007 is a symptom of the worldwide economic recession that has impacted all industrialized and most developing countries. This crisis has seen a rise in the unemployment rate, a drop in personal disposable income, and a collapse and then subsequent recovery in stock markets. Following the initial drop in financial markets, many households saw their wealth decline between 2007 and 2009 (Bricker et al. 2011) , affecting large shares of households across all age, income and education groups (Hurd and Rohwedder 2010; Chakrabarti et al. 2011) .
In the last decade, a growing amount of literature has investigated the associations between national economic conditions and people's general health. Some studies have focused on the relationship between unemployment levels and a range of health outcomes including both mortality and morbidity, finding that mortality rates tend to increase during economic expansions. This is because mortality rates due to major causes of death (cardiovascular, respiratory, infectious diseases, traffic and industrial injuries, etc.) increase during economic booms (Ruhm 2000 (Ruhm , 2007 Johansson 2004; Neumayer 2004; Tapia Granados 2005; Gerdtham and Ruhm 2006; Tapia Granados and Diez Roux 2009; Lin 2009 ). Nevertheless, this phenomenon is not seen in psychological health. Ruhm (2000) finds that aggregate mortality tends to decrease during economic downturns, but mortality from suicide does not, suggesting a worsening level of psychological distress during a recession. Ruhm (2003) argues that times of economic crisis may improve health outcomes through the promotion of healthy lifestyles and behaviours, yet signs and symptoms of mental disorders tend to increase with the unemployment rate.
More recent studies have investigated the effects of economic contraction on mental health and comprise two main types. The first and more dominant type focuses on job loss experienced at an individual level during an economic downturn. These studies suggest that becoming unemployed raises the risk of subsequent poor mental health, such as depressive and anxiety symptoms (Butterworth et al. 2009; Paul and Moser 2009; Mandal et al. 2011) , alcohol misuse (Khan et al. 2002) and suicide (Reeves et al. 2012) . Even studies adjusting for mental health before a job loss report that mental illness increases with unemployment (Graetz 1993; Morrell et al. 1994; Thomas et al. 2005; Tefft 2011 ). The other type of study is ecological, which focuses on an economic recession experienced by the general population and produces macro-level data, mostly using the unemployment rate and finding that an economic recession has an exacerbating effect on the use of mental-health services (Trainor et al. 1987; Catalano 1991 Catalano , 2009 , suicide (Chang et al. 2009; Luo et al. 2011) , violent behaviours (Catalano et al. 1997; Rosenfeld and Fornago 2007) and reported happiness (Clark and Oswald 1994; Di Tella et al. 2001) . What little research has been carried out suggests an association between stock volatility, cardiovascular diseases (Fiuzat et al. 2010; Ma et al. 2011; Chen et al. 2012; Schwartz et al. 2012) , suicide (Nandi et al. 2012) and self-reported well-being (Deaton 2012) .
Most research in the literature on an economic recession and its subsequent health effects focus on the role of involuntary job loss and the unemployment rate, whereas relatively few look at the effects of a fluctuating stock market on people's health outcomes. We therefore propose stock market movements as an appropriate proxy for changes in economic conditions, essentially because drops in the value of stocks can and often do announce the multiplication of business failures with the consequential loss of jobs. In other words, fluctuations of stock markets price can more adequately capture the economic insecurity experienced by a population during times of economic adversity.
The primary purpose of this article is to examine the impact of changes in economic conditions on the nationwide prevalence of mental disorders in Taiwan. We use the stock market price index as a measure of economic fluctuation. Although this index may inconsistently measure the overall situation of Taiwan's economy, fluctuations of the stock market do reflect investors' and the public's feelings or perception of the health of the economy. In other words, the stock market is the most watched economic indicator, not only of the present but also of the future. For example, during the summer of 2008 when the Taiwan stock market was falling rapidly, it was reasonable enough for people to have dire fears about the future. Indeed, the stock market itself was reflecting this, and those fears were heavily reinforced by media coverage, sending highly correlated interpretations of negative financial events to a large segment DO STOCK PRICES DRIVE PEOPLE CRAZY? of the population. Our study provides greater insight into the mechanisms linking the stock market to psychological health by examining the relationship between stock market fluctuations and daily mental disorders hospitalizations.
Data and methodology
This study uses data from the National Health Insurance Research Dataset (NHIRD), published by the National Health Research Institute (NHRI) in Taiwan, covering the years 1998-2009. The dataset includes all claims data (records of all inpatient and outpatient treatments) from Taiwan's National Health Insurance (NHI) program, which was implemented as a means of financing healthcare for Taiwanese citizens. Taiwan initiated the NHI programme in March 1995, and it is characterized by mandatory enrolment in a government-run, single-payer insurance system with comprehensive benefits coverage. The NHI programme currently has over 21 million enrolees, representing around 99.6% of the country's population. All personal identification was changed by the NHRI before release to the public.
This study takes hospitalization records, because they are population-based and more likely to reflect actual changes in health status. Moreover, the NHIRD is one of the largest and most comprehensive nationwide population-based data sources currently available. It thus provides a unique opportunity to identify the risk of stock market fluctuations among mental disorders hospitalizations.
The study consists of 468 555 patients, each of whom had been hospitalized with the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) principal diagnosis code 295 (schizophrenic disorders) and 296 (affective disorders) from 1 January 1998 to 31 December 2009, with the original sample providing a total of 4383 observations on daily mental disorder hospitalization records. There were approximately 107 cases of hospitalization daily attributable to mental illness during the sample period.
For the research on the mental-health implications of the stock market, we measure stock performances using the Taiwan Stock Exchange Capitalization Weighted Stock Index (TAIEX). The first observation on the TAIEX in our sample period occurred on 3 January 1998, with a closing index of 8159.11 and falling 28. The TAIEX has a wide pool of stocks, reflects changes in small-capital companies, and may be sensitive to small changes. Daily stock performances during the observational period include the opening, closing, change and percentage of index change to indicate fluctuations of the stock market. The first index is the stock market price measured by the daily closing index. The stock price represents the macroeconomic situation and is a good proxy for level of wealth. The second index is the daily change in the stock index measured by the percentage change from the closing index on the previous day to the closing index on that day. The daily percentage change in the stock index measures the wealth variation in 1 day. The greatest daily rise in the TAIEX, at 6.74%, occurred on 30 April 2009, whereas the greatest daily fall, at À6.67%, was on 22 March 2004. The third index is the accumulated change measured by the number of trading days that the index consecutively went up or down, in order to estimate the wealth variation in the long run. The longest continuous rise in the number of trading days is 10 days (and it happened twice), which occurred starting from 7 April 2006 and starting from 27 November 2006, whereas the longest continuous fall is 11 days, which started on 19 August 2005. For those non-transaction days such as weekends and holidays, we set the closing index value and the daily percentage change equal to the previous transaction closing index value and daily percentage change.
Incidences of mental illness are known to have seasonal variation. Summer peaks are consistently noted among various populations (Hare and Walter 1978; Takei and Murray 1993; Clarke et al. 1999; Shiloh et al. 2005) . Early spring, however, is traditionally regarded by the Chinese as the peak season for mental disorders (Tian et al. 2006) . We therefore use dummy variables to control for the seasonal weather effects of different months. Furthermore, we include a dummy variable to control for 'severe acute respiratory syndrome' (SARS) during the study period. SARS occurred in Taiwan In order to examine the impacts of the stock market on mental disorders amongst the different gender and age groups, we further divide the observations into appropriate groups.
We take the number of daily mental disorders hospitalizations as the concept of event counts. An event count refers to the number of times an event occurs, and it is the realization of a non-negative integer-valued random variable. The use of linear regression models to analyse non-negative counts is problematic, because of the impossibility of a normal distribution representing the true data-generating process underlying the hospitalization counts. This article argues that the number of daily hospitalizations can be thought of as being count data and generated by a Poisson process.
For modelling time-series count data, this study uses the integer-valued autoregressive (INAR) model and specifies the realized value of y t to be the sum of a count random variable, whose value depends on past outcomes, and the realization of an independently and identically distributed (i.i.d.) count random variable " t , whose value does not depend on past outcomes (McKenzie 1986; Al-Osh and Alzaid 1987; Brännäs and Hellström 2001; Weiss 2008) . The simplest example is the INAR(1) process:
where the latent " t is assumed to be Poisson distributed with mean t ¼ expðX 0 t Þ, where {X t } is a covariate process. The symbol denotes the 'binomial thinning operator' of Steutel and Van Harn (1979) , and the thinning operator is defined as Y ¼ P Y j¼1 u j , where {u j } is a sequence of i.i.d. Bernoulli random variables with success probability . The sequence {u j } is termed a counting series. To ensure 0 < < 1, we use the logistic function: ¼ 1=ð1 þ expðÀÞÞ. We further define a straightforward extension to the INAR model of order p,
The conditional mean for the INAR(1) model is then:
The parameters and need to be estimated, though the corresponding standard errors need to be adjusted to allow for heteroscedasticity.
The dependent variable, Y t , and the main explanatory variable, X t , in this study are the number of hospitalizations attributable to mental disorders on date t and daily stock market performances, respectively. The explanatory variables include the following: Index t is the Taiwan stock market price index on date t, DailyChange t is the market's daily percentage change on date t, Accumulation t is the accumulated change on date t, TradingDay t is the day-of-stock-trading dummy, M it is the month dummy with September representing the reference month and Trend t is the time trend in year. Finally, SARS t is equal to 1 if the observation occurs during the SARS outbreak period (26 April-5 July 2003), or otherwise 0.
We include autoregressive terms to control for the dynamic effects that the error sequence generally has serial correlations and determines the number of lags, p, based on the residual autocorrelation function (ACF) and the Ljung-Box statistic. The lags of the stock price index and the daily change terms can be included in the model as the impact on health may appear with a time lag. We separately estimate the models with three lags of the stock price index and its daily change. However, we only find limited significant coefficients in all estimations (pooled and subgroups). We also use the likelihood ratio statistic for a test, and the null hypothesis is almost not rejected at a level of 0.05. Similar results are obtained by testing the quadratic terms of the stock price index and its daily change. Therefore, we do not include the quadratic terms and the lag terms in the model. Table 1 presents the summary statistics of all the variables.
Results
We present the results for the relationship between the stock market and the number of daily mental disorders hospitalizations with an autoregressive order in Table 2 . The last row of Table 2 reports the Ljung-Box statistic, and the result indicates that there is no residual autocorrelation, because 2 ð5Þ at a level of 0.05 has the critical value 11.07. The regression parameters of the Poisson time-series model can be interpreted as the mean proportionate change in the dependent variable arising from a one-unit change in the corresponding explanatory variable. In the following tables, these coefficients have been multiplied by 100 to enhance readability.
The results in the first column exhibit a negative relationship between occurrences of mental disorders hospitalizations and the stock price index, indicating that a falling stock market increases mental disorders hospitalizations. The effect of the stock price change on hospitalizations is highly significant (P < 0.001), with an effect estimate of À4.71. This implies that a 1000-point fall in the stock market index (which is about two-thirds of its standard deviation (SD)) induces a daily increase of approximately 4.71% in hospitalizations for mental disorders. The stock price index's semi-elasticity of hospitalizations due to mental disorders can be computed from these estimates, because we rewrite the conditional mean as ln E YjX ½ ¼X 0 and differentiate it with respect to x j . Hence, the semi-elasticity of mental disorders hospitalizations with respect to the stock price index is À0.047.
The daily change of the stock price index has a negative and statistically significant effect on hospitalizations, suggesting that a downward daily stock market change increases mental disorders hospitalizations. The estimate of the daily change effect is a magnitude of À0.36, and it indicates that when the stock price index goes down by 1% within a single day, there is an increase of approximately 0.36% in the number of hospitalizations for mental disorders on that day.
Our study also demonstrates that a consecutive fall of the stock price index in the number of trading days leads to significant increases of mental disorders hospitalizations. The result implies that when the stock price index falls one consecutive day, it will cause an increase in approximately 0.32% hospitalizations for mental disorders daily. In other words, when the stock price index falls consecutively for five trading days, then the fifth trading day of the stock market decline will induce an increase of approximately 1.6% [¼ ðÀ0:32ÞÃðÀ5Þ] in the number of mental disorders hospitalizations.
The results exhibit significant trading-day and seasonal variations in hospitalizations of mental disorders. Using a non-traded day as the reference day, we find approximately 200.78% more hospitalizations for mental disorders on trading days. A month effect on mental disorders hospitalizations is also apparent, with the number of hospital admissions for mental disorders increasing significantly during warm months, especially early spring. Nevertheless, cold months show a significant decline in the number of hospitalizations, which is consistent with a prior study (Tian et al. 2006) . The month effect has a pronounced peak in February and March, when there are 12.5% and 4.18% more daily hospitalizations for mental disorders than in September, respectively; relatively, the lower number of monthly hospitalizations is in November, December and January with 6.45%, 14.35% and 8.42% less daily hospitalizations than September, respectively. In respect of the time trend in hospitalized admissions for mental disorders, there is a clear and significant upward timetrend effect, suggesting a general increase in the number of hospitalizations of mental disorders between 1998 and 2008. During the period of the SARS outbreak, the number of daily hospitalizations fell by an average of about 15.44%.
We next analyse the impacts of the stock market on the hospitalized admissions of mental disorders stratified by gender. The results show that the stock price index has a negative and statically significant effect on hospitalizations for both males and females. A 1000-point fall in the stock price index results in increased hospitalizations for mental disorders by the magnitude of 5.32% for men and by 3.81% for women. Moreover, the daily change effect is also significant for both males and females, indicating that a 1% fall in the TAIEX within a single day leads to an increase of approximately 0.39% and 0.36% mental disorders hospitalizations for men and women, respectively. In regards to the accumulated change, when the stock index goes down consecutively for one more day, hospitalizations for men increase approximately 0.42% significantly. The patterns of the trading-day effect, the month effect and the time-trend effect are similar to those found in the estimation for the full population sample. However, the impacts of the stock price index, the daily change and the accumulated change are all stronger for males.
Based upon the separation of the data by different age groups, Table 3 presents further results, which reveal that stock price index and daily change are significant for middle-aged (35-54) groups, but accumulated change is significant for the 45-54 age groups. More prominently, we demonstrate that a 1000-point fall in the stock price index increases the number of hospitalized admissions for mental disorders by 4.07% for the 35-44 age group and by 3.88% for the 45-54 age group, whereas a 1% decline in the stock price index within a single day increases hospitalizations for the 35-44 age group and the 45-54 age group by 0.69% and 0.51%, respectively. The influence from the stock index consecutively falling for one more day is associated with an increase of 0.67% hospitalizations for the 45-54 age group.
Among the 25-34, and above 65 age groups, we find a significant impact on the incidences of mental disorders hospitalizations only for the stock price index, and not for the daily change and the accumulated change, whereas the stock price index and accumulated change have a significant effect in the 55-64 age group. Nevertheless, we observe that trading-day, month and time-trend impacts all exist in each of the five age groups, with the month effect stronger for the middle-age population (the 45-54 and 55-64 age groups). A point worth further noting is that the time trend has a more powerful influence for the 45-54 and 55-64 age groups.
Our results demonstrate that males and the middle-age population are influenced critically by the stock market, and this suggests to us to investigate the effects based upon the division of the data by both gender and age. Table 4 presents that the three effects of the stock market have significant impacts only on males aged 45-54, and stock price index and daily change have a significant effect in both males and females aged 35-44. The daily change is not significant in males aged 25-34 and in females aged 45-64, whereas the stock price index and the accumulated change have a significant effect in these groups. The males aged 55-64 and above 65 and females aged 25-34 and above 65 are influenced significantly only by the stock price index.
Comparing Tables 2 and 4 , we find that significant effects for males are mainly driven by middle-age males (the 35-44 and 45-54 age groups). However, the significant influence of the daily change for the middle-age population (in Table 3 ) is mainly driven by middle-age males as the daily change is significant only for females aged 35-44. From the aspect of the Lag number 6 6 6 6 4 LB 10.7 8.2 9.5 8.9 7.2 *P < 0.05, **P < 0.01, ***P < 0.001. The coefficients have been multiplied by 100. The number in the parenthesis is the Newey-West HAC standard error. We set the minimum number of lags equals 0 and the maximum number of lags equals 10. LB is the Ljung-Box statistic and asymptotically chi-squared distributed with 5 degrees of freedom under the null hypothesis of no residual autocorrelation. Lag number 6 6 3 1 1 LB 9.3 8.4 8.7 9.6 6.8 *P < 0.05, **P < 0.01, ***P < 0.001. For concise presentation, we only report the coefficients of the level and daily change effects for each subgroup. The coefficients have been multiplied by 100. The number in the parenthesis is the Newey-West HAC standard error. We set the minimum number of lags equals 0 and the maximum number of lags equals 10. LB is the Ljung-Box statistic and asymptotically chi-squared distributed with 5 degrees of freedom under the null hypothesis of no residual autocorrelation. accumulated change, the significant impact of population is mainly driven by middle-age people for both males and females (in Tables 3 and 4) .
Discussion
The empirical results show that the impact of the stock price index on mental disorders hospitalizations is significantly negative-that is, when the stock price index is at a low level, hospitalizations for mental illness are relatively high. In general, a 1000-point fall in the TAIEX increases the number of daily mental disorders hospitalizations by 4.71%. We also find that daily movements in the stock price index have significant influences on incidences of mental disorders hospitalizations. A 1% fall in the TAIEX in one single day increases daily hospitalizations for mental disorders by 0.36%. Finally, the accumulated change of the stock market has a negative and statistically significant effect on mental disorders hospitalizations which suggests that the stock market price index consecutively falling in trading days also increases mental disorders hospitalizations. When the stock market index falls one consecutive day, it causes a daily increase of approximately 0.32% hospitalizations due to mental disorders on that day. There are three possible interpretations of our current study's findings. First, our results may support the notion of a procyclical variation in psychological health in that investors and the public experiencing a bear market (where the stock market is in a downturn) have worse psychological health in terms of more hospitalizations than those in a bull market (where the stock market is in an upturn). It is reasonable to speculate that emotional and physical stress may play an important role. A falling stock market may represent substantial emotional, psychological and physical problems that could adversely affect mental health (Kroth et al. 2002; Kopp et al. 2007; Mohacsy and Lefer 2007) . One possible answer is that a reduction in wealth, caused by a falling stock market, can lead to stress and depression. The other reason is that drops in the value of stocks can be explained as a consequence of economic adversity and business failures, accompanying the results of job losses. Unemployment causes financial instability, reduces social interaction and one's sense of fulfilment, and increases unstructured time-all of which are stressful and adversely influence mental health. Moreover, the stock market price index and its daily change are significant for both males and females, whereas the magnitude of these effects is stronger for men than for women. One potential reason for these effects affecting men more intensely is the fact that men participate in the stock market much more actively than women, because men are more inclined to feelings of greater competence in their management of finances, and because men are likely to take greater risks (Lewellen et al. 1977; Prince 1993; Barber and Odean 2001) .
Our second interpretation argues that the effect of the stock market is not just immediately felt, but rather continuously accumulated to affect psychological health. We reveal that the accumulated change has a negative and statistically significant effect in the pooled sample and in the male subgroup. In other words, one more consecutive day of the stock market index falling causes a daily increase in the number of hospitalizations due to mental disorders on that day.
A further interpretation of our findings for hospitalization records divided by different age groups is that the stock market price index, its daily change and the accumulated change of the stock market have significantly negative effects on incidences of mental disorders hospitalizations for those people in the middle-age group (the 35-44 and 45-54 age groups). We also find a significant stock market index effect for those people in the 25-34, 55-64 and above 65 age groups, although the daily change and the accumulated change are insignificant, except the accumulated change effect for people aged 55-64. Our results show that age is crucial to the impact of the stock market on mental disorders hospitalizations as age itself is an important risk factor for mental disorders (WHO International Consortium in Psychiatric Epidemiology 2000). Another possible reason is that most people in the 35-54 age groups tolerate nervous tension from their busy work and at the same time face life stress from household expenditures or housing loans. Therefore, in terms of financial needs, these people may well need stable income or job security. If the stock market performs poorly, then this could be interpreted as there being poor economic conditions and a multiplication for business failures with the consequential pay cuts or layoffs. The next fallout from this is higher stress levels and greater depression, thereby aggregating these various pressures coming from job security, family and investments that then result in higher incidences of mental disorders hospitalizations.
Despite the strengths of our study, our findings still need to be interpreted with caution, because of several inherent limitations. First, the mental disorders diagnoses in our study are totally reliant upon claims data reported by either physicians or hospitals, which may be less accurate than diagnoses carried out individually through a standardized procedure; this could have compromised our findings. The Bureau of NHI, however, randomly samples a fixed percentage of claims from every hospital each year to verify diagnosis validity and quality of care through a chart review by an independent group of doctors. Any hospital with outlier charges or outlier patterns for any diagnosis group faces the risk of audit and subsequent heavy penalties by the Bureau of NHI when discrepancies or overcharging are discovered.
The second limitation is that we are unable to analyse the impacts of socio-economic variables, such as education, employment status, marital status and behavioural factors (such as smoking and heavy drinking), on mental disorders hospitalization. Such socio-economic and behavioural factors, which were not available in the dataset, have consistently been found to be important factors that affect health. In addition, the findings of our study emphasize and interpret that stock market fluctuations may trigger the hospitalizations of people who have previously developed subclinical mental disease for a number of reasons, instead of generating mental disease.
Conclusions
This is the first research to examine a potential relation between stock market volatility and mental disorders. Using data on daily incidences of mental disorders in Taiwan over 4000 days from 1998 through 2009 to assess the time-series relation between stock price movements and mental disorders, we observe that stock price fluctuation clearly affects the hospitalizations of mental disorders. We find that during a 12-year follow-up period, a low stock price index, a daily fall in the stock price index and consecutive daily falls in the stock price index are all associated with greater mental disorders hospitalizations. Stock price index is found to be significant for both gender and all age groups. In addition, daily change is significant for both gender and middle-age groups, whereas accumulated change is significant for male and people aged 45-64. To the best of our knowledge, this is the largest and most complete population-based study to investigate stock movements in relation to mental health.
'You must take the good with the bad' is a proverb for suitable thought over any stock market. Stockholdings can help people accumulate wealth, but they can also increase mental disorders hospitalizations. In other words, stock price fluctuations do drive people crazy.
